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Historically the diverse areas of 
communication research have rarely 
met, and this factor probably prompted 
my feeling that the order of chapter 
delivery in this book was counter-
intuitive. Naturally our investigation of 
any communication system has always 
been heavily influenced by our own 
language, and the historical progress 
of research has broadly progressed 
‘down’ from humans to other mammals, 
then birds, invertebrates and now 
bacteria. The editors have favoured 
such a taxonomic presentation, moving 
from a chapter discussing bacteria 
through higher taxa, to three dealing 
exclusively with humans, which 
reinforces the view that we understand 
the least about communication in 
the simplest organisms. There is a 
growing recognition, however, that 
bacteria are excellent (and amenable) 
models for investigating the evolution 
of cooperation and here Diggle et al. 
show that novel evolutionary insights 
can readily be obtained through the 
study of bacterial quorum sensing. 
Their chapter also serves to set the 
stage for subsequent chapters by 
providing an invaluable outline of the 
theoretical evolutionary framework 
which must be central to any analysis 
of communication and cooperation. 
In a later chapter, Matessi et al. 
discuss the application of network 
theory to the analysis of social 
interactions in birds, before chapters 
on chemical communication, 
especially its use by social insects 
where the bewildering variety of 
signalling compounds highlights the 
complexity of communication found 
in sophisticated social groups. There 
follows a valuable neurobiological 
insight into honeybee chemical 
communication from signal perception 
through to neural processing. Later 
chapters on the evolution of sexual 
signals and mate quality signalling 
lead us to a consideration of genetic 
aspects in the evolution of signalling 
systems. Haig examines the common 
language used when discussing 
communication in cell-to-cell signalling, 
where common genomes mean 
there should be no conflict, and 
behavioural ecology, where genetic 
differences make conflicts common. 
Haig argues that intra-genomic conflict 
influences signalling within individual 
organisms. Crespi then examines the 
role of genomic conflict in human 
linguistic evolution and shows how 
the disordered language characteristic 
of autism brings insights into human 
social evolution. This fascinating 
discourse on the pathology of 
language leads Crespi to contend that 
“psychosis represents the illness that 
made us human”. 
The final three chapters focus on 
formal treatments of communication. 
Hurford discusses what is so special 
about human language and how it 
might have evolved. Human language 
fundamentally differs from non-human 
forms of communication because it is 
learned, which in large part accounts 
for its diversity and expressiveness. 
The subject of teaching is further 
examined in the next chapter by 
Riboli-Sasco et al., where it is claimed 
that a very narrow human definition 
of teaching has constrained our 
ability to observe similar phenomena 
in other species. De Sousa rounds 
off with a stimulating philosophical 
analysis of how we might ‘grade’ 
communication and thereby distinguish 
the legitimate communicative elements 
found in interactions. The uses and 
shortcomings of formal tools for 
qualitative and quantitative analysis 
of information transfer are highlighted, 
before a call for better formal methods 
of conceptualising communication.
This book confirms that wherever 
we find cooperation we are also sure 
to find conflict, although the majority 
of previous studies on language and 
communication have focussed on 
its benefits. Thus, if it is true that ‘all 
life is social’, then it is also true that 
all social interactions are mediated 
by communication. The study of 
communication is fundamental to our 
understanding of interactions found 
in biological systems at all levels and 
across taxa. Although the evolution of 
communication underpins biological 
processes we are only just beginning 
to integrate research from numerous 
disciplines to produce a coherent 
synthesis. In support of this endeavour, 
d’Ettore and Hughes have assembled 
a diverse selection of chapters which 
provide a fertile starting point for 
researchers, especially for those 
working to synthesise communication 
concepts across disciplines. 
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What is an aphid? Aphids are 
small, soft-bodied insects that 
feed by inserting their slender 
mouthparts into phloem cells, the 
food conduits of plants. Most aphid 
species feed on only one species 
of plant and closely related aphid 
species tend to feed on closely 
related species of plants. Once 
an aphid finds the correct plant 
species, it simultaneously feeds and 
reproduces. Offspring settle close 
to their mothers, spawning large 
colonies. Newborn nymphs molt four 
times, each time growing larger but 
otherwise looking similar to their 
previous incarnation.
Though small in size and simple in 
appearance (Figure 1), aphids have 
played an outsized role in the history 
of biology. Aphid embryos were first 
studied by Anton van Leeuwenhoek, 
who essentially discovered that 
aphids were parthenogenetic, 
although he thought they were 
hermaphroditic. Thomas Henry 
Huxley, Darwin’s ‘Bulldog’, 
calculated that in ten generations 
a single aphid might produce the 
biomass equivalent to 500,000,000 
stout men. Thomas Hunt Morgan, 
while founding Drosophila genetics, 
studied aphid cytogenetics to 
bolster the chromosome theory of 
sex determination. Aphids attack 
both common garden plants and 
several major crops, and are vectors 
for many plant viruses that cause 
more damage than the aphids 
themselves. Phylloxera vitifoliae 
decimated French grape vines in 
the late 19th century, until the vines 
were rescued by Phylloxera-resistant 
root- stocks from North America. 
Now, because of an aphid, all French 
wine is grown on American roots. 
An affair of the gut. Aphids 
feed on phloem, which poses two 
problems. First, phloem contains 
high concentrations of sugars. To 
avoid being — literally — sucked 
dry by the high osmotic potential 
of phloem fluid, aphid guts convert 
the abundant simple sugars into 
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then excrete the excess sugar-rich 
honeydew, which often attracts 
ants. The ants protect aphids from 
predators. 
Second, phloem fluid contains 
an unbalanced spectrum of 
essential amino acids. Thus, aphids 
harbor endosymbiotic bacteria, 
Buchnera aphidicola, which provide 
aphids with many essential amino 
acids. The Buchnera genome 
underwent a dramatic reduction 
in gene content — to about 500 
genes — soon after the origin of the 
symbiosis, about 200 million years 
ago. Buchnera have dispensed with 
most of the genes that would allow 
them to live in the wild and they 
must import many essential proteins 
and biosynthetic products from 
the aphid cell. Thus, while aphids 
cannot live long without Buchnera, 
Buchnera also depends on aphids. 
This obligate mutualism between 
eukaryote and prokaryote might 
resemble early stages of organelle 
evolution. Aphids also possess 
facultative symbionts that confer 
other benefits, such as resistance to 
heat and to parasitoid attack.
Sex and the single aphid. Most 
aphids are born pregnant and 
beget females without wastrel 
males. These parthenogenetic 
oocytes result from a modified 
meiosis that skips the reduction 
division, maintaining diploidy and 
heterozygosity. Embryos complete 
development within the mother’s 
ovary one after another, in assembly 
line fashion. These developing 
embryos contain developing 
embryos of the third generation 
within them, like Russian dolls.
Once a year, most aphids quit 
this hectic lifestyle and have sex. 
In temperate regions, autumnal 
conditions induce sexual forms. 
Sexual females look superficially like 
asexual females, but their ovaries 
produce eggs, rather than embryos. 
Males are produced by another trick 
of asexual meiosis leading to loss of 
one X chromosome.
Masters of polyphenism. The 
switch between sexual and asexual 
reproduction is one example of a 
polyphenism: alternative phenotypic 
forms that carry out specialized 
tasks. Some species can produce up 
to eight different alternative morphs, all genetically identical, during their 
life-cycle. Polyphenisms result from 
alternative modes of development 
induced in response to specific 
environmental cues. For example, 
most aphids develop without wings, 
investing the extra resources in more 
offspring. But as colonies grow and 
attract the attention of predators, 
they produce winged morphs that fly 
to new plants.
While most aphids run from 
predators, some choose to fight. 
About one percent of the 4,000 
species of aphids produce a 
specialized soldier caste. Most 
aphid soldiers inject predators with a 
protein-digesting cocktail. Some jab 
predators with their sharp  
horns. And some squeeze their 
Figure 1. Aphids and their galls.
Top: Mating pea aphids, Acyrthosiphon pisum. 
The diminutive male on the right, sexual fe-
male below. Middle: Gall of the soldier-pro-
ducing aphid Ceratovacuna japonica formed 
on the tree Styrax japonica. Bottom: Gall 
of the soldier-producing aphid Tuberaphis 
taiwana formed on the tree Styrax formosana. 
All photos by David Stern.enemies into submission — just 
imagine — with their fat hind legs.
Masters of plant engineering. 
Some aphids instruct plants to 
produce a gall, a novel plant 
structure that insulates aphids 
from the elements and predators 
(Figure 1). Aphids induce orderly 
and patterned plant growth, not 
cancerous growths, by injecting 
unknown signals into plant cells. 
Furthermore, they can repair 
damaged galls caused by predators 
or meddlesome scientists. Again, 
aphids inject unknown signals into 
plant cells surrounding the wound, 
causing plant growth that mends  
the breach. 
Genomic prospects. This précis 
includes only a few of the many 
novel biological phenomena that can 
be studied with aphids. The genome 
of the pea aphid, the primary aphid 
model system, is being sequenced 
by the Baylor Human Genome 
Sequencing Center (http://www.
hgsc.bcm.tmc.edu/projects/aphid/) 
with funding from NHGRI. The 
pea aphid genome will represent 
the most basal insect genome 
sequenced to date and the first 
genome of a hemimetabolous insect. 
In contrast to the holometabolous 
flies, beetles and butterflies, 
aphids do not undergo a complete 
metamorphosis. The pea aphid 
genome therefore provides an 
outgroup to study the origin of 
holometabolous insects. Most 
importantly, the pea aphid genome 
provides a springboard for functional 
genomic studies of biological 
problems unique to aphids, such as 
those discussed above.
Where can I find out more?
www.aphidbase.com Information about aphid 
genomics and additional web resources.
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